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ARTICLE III. 

SOME EXPERIMENTS WITH THE SALIVA OF THE GILA MONSTER 

(IIELODERMA SUSPECTUM). 

BY JOHN VAN DENBUKGH, Ph.D., 

CURATOR DEPARTMENT OF HERPETOLOGY, CALIFORNIA ACADEMY OF SCIENCES. 

Read before the American Philosophical Society, September 3, 1897. 



I. INTRODUCTION. 



When, in 1651, Franciscus Hernandez published his Historice anwialium et minera- 
lium JSfovce Hispanice he gave to Europe the first account of a curious reptile native to 
those far-western lands which the Spaniards had won beyond the sea. This was a large 
lizard, said to grow three feet long, thick-set, heavy-jawed, protected by an armor of 
wart-like bony plates, gaudily colored in orange and black — withal so repulsive that 
Wiegmann, nearly two hundred years later, christened it Heloderma horridum. 

For many years, this name was applied to these lizards wherever found, but in 1869 
Prof. Cope discovered that those which had been caught within the borders of the United 
States and Sonora differ in many details from their more southern relatives. He named 
the smaller, northern species Heloderma suspectum. It is this species which, because 
of its former abundance near the Gila river, in Arizona, has become popularly known 
under the name Gila Monster. 

The Indians and Mexicans claimed for these lizards power to inflict a bite even 
more deadly than that of the rattlesnake, but, since they claimed like powers for other 
reptiles known to be quite innocent of venom, their evidence was of little value. It 
received some confirmation, however, when the herpetologists of Europe found that the 
teeth of the Heloderma bear grooves similar to those which in some poisonous snakes 
serve to introduce venom into the wound. Since this was discovered the question of the 
poisonous nature of the bite of the Gila Monster has attracted considerable attention and 
many opinions have been published. 
a. p. s. — vol. xix. z. 
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In 1857, Dr. J. E. Gray, of the British Museum, wrote : 
" This lizard is said to be noxious, but the fact has not been distinctly proved." 
Seven years after this there appeared a popular account of the habits of the Mexican 
species (H. horridum), in which M. Sumichrast, after dwelling at some length upon the 
general habits of the animal, wrote : 

' ' In support of this pretended malignity, I have been told of a great number of cases in which ill effects 
were produced by the bite of the animal, or by eating its flesh in mistake for that of the Iguana. I 
wished to make some conclusive experiments on this point ; but, unfortunately, all the specimens which I 
could procure during my stay in the countries inhabited by it were so much injured that it was impossible to 
do so. Without giving the least credit to the statements of the natives, I am not absolutely disinclined to 
believe that the viscous saliva which flows from the mouth of the animal in moments of excitement may 
be endowed with such acridity that, when introduced into the system, it might occasion inconveniences, the 
gravity of which, no doubt, has been exaggerated." 

Prof. Cope, in 1869, stated : 

" That though the lizards of this genus could not be proven to inflict a poisonous bite, yet that the sali- 
vary glands of the lower jaw were emptied by an efferent duct which issued at the basis of each tooth, and 
in such a way that the saliva would be conveyed into the wound by the deep groove of the crown." 

Six years later Dr. Yarrow said : 

" It is believed to be very poisonous, but such is not the case; for, although it will bite fiercely when 

irritated, the wound is neither painful nor dangerous The Pueblo Indians of this place said they 

were quite common, and were regarded by the Mexicans as poisonous; the poison being communicated by 
the breath as well as by the teeth. This has no foundation in fact." 

The same year, M. Bocourt published some notes which he had received from M. 
Sumichrast, who, having finally been able to make a few experiments, concludes : 

" Quoique ces experiences soient insufEsantes pour prouver que la morsure de l'Heloderme est veritable- 
ment venimeuse, elles me paraissent assez concluantes pour faire admettre qu'elle ne laisse pas de causer 
de tres-rapides et profonds desordres dans l'economie des animaux qui en sont 1'objet 

" Je ne doute pas que des experiences, faites avec des individus adultes et nouvellement pris, ne pro- 
duisent des effets beaucoup plus terribles que ceux qu'ont pu occasionner la morsure d'un individu jeune et 
aflaibli par une captivite de pres de trois semaines." 

In 1882, several opinions were published on each side of the question. A Helo- 
derma, which had been received at the Zoological Gardens in London, bit some small 
animals, and because these died several English writers — as Giinther, Boulenger, and 
Fayrer — concluded that the Monster was poisonous, while some American authors have 
thought that death in these cases might have resulted from the mechanical injuries 
received. The American Naturalist noted that " Dr. Irwin, U. S. A., experimented with 
the H. suspectum in Arizona, fifteen years ago, and concluded that it was harmless." 
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Dr. R. W. Shufeldt had a personal encounter with an active Gila Monster, of which he 
wrote : 

" On the 18th inst., in the company of Prof. Gill of the [Smithsonian] Institution, I examined for the 
first time Dr. Burr's specimen, then in a cage in the herpetological room. It was in capital health, and at 
fiist I handled it with great care, holding it in my left hand examining special parts with my right. At 
the close of this examination I was about to return the fellow to his temporary quarters, when my left 
hand slipped slightly, and the now highly indignant and irritated Heloderma made a dart forward and 
seized my right thumb in his mouth, inflicting a severe lacerated wound, sinking the teeth in his upper 
maxilla to the very bone. He loosed his hold immediately and I replaced him in his cage, with far greater 
haste, perhaps, than I removed him from it. 

" By suction with my mouth, I drew not a little blood from the wound, but the bleeding soon ceased 
entirely, to be followed in a few moments by very severe shooting pains up my arm and down the corre- 
sponding side. The severity of these pains was so unexpected that, added to the nervous shock already 
experienced, no doubt, and a rapid swelling of the parts that now set in, caused me to become so faint as 
to fall, and Dr. Gill's study was reached with no little difficulty. The action of the skin was greatly 
increased and the perspiration flowed profusely. A small quantity of whiskey was administered. This is 
about a fair statement of the immediate symptoms; the same night the pain allowed of no rest, although the 
hand was kept in ice and laudanum, but the swelling was confined to this member alone, not passing 
beyond the wrist. Next morning this was considerably reduced, and further reduction was assisted by the 
use of a lead-water wash. 

" In a few days the wound healed kindly, and in all probability will leave no scar ; all other symp- 
toms subsided without treatment, beyond the wearing for about forty-eight hours so much of a kid glove as 
covered the parts involved. 

. . . . " Taking everything into consideration, we must believe the bite of Heloderma suspeetum to 
be a harmless one beyond the ordinary symptoms that usually follow the bite of any irritated animal. I 
have seen, as perhaps all surgeons have, the most serious consequences follow the bite inflicted by an 
angry man, and several years ago the writer had his hand confined in a sling for many weeks from such a 
wound administered by the teeth of a common cat, the even tenor of whose life had been suddenly 
interrupted." 

Only a few months had passed after the publication of Dr. Shufeldt' s article when 
there appeared an account of the first carefully conducted series of experiments with the 
saliva of the Heloderma. This was by Drs. S. Weir Mitchell and Edward T. Reichert, 
who conclude that : 

" The poison of Heloderma causes no local injury. 

" That it arrests the heart in diastole, and that the organ afterwards contracts slowly — possibly in 
rapid rigor mortis. 

" That the cardiac muscle loses its irritability to stimuli at the time it ceases to beat. 

" That the other muscles and the nerves respond readily to irritants. 

" That the spinal cord has its power annihilated abruptly, and refuses to respond to the most powerful 
electrical currents. 
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" This interesting and virulent heart poison contrasts strongly with the venoms of serpents, since 
they give rise to local hemorrhages, and cause death chiefly through failure of the respiration, and not 

by the heart, unless given in overwhelming doses." 

For a time, it seemed that the experiments of Mitchell and Reichert had answered 
the question of the poisonous power of the Heloderma once and for all. But five years 
later, Dr. Yarrow, then Honorary Curator of the Department of Reptiles in the United 
States National Museum, performed some equally careful experiments upon rabbits and 
chickens, These, he says, 

" Would seem to show that a large amount of the Heloderma saliva can be inserted into the tissues 
without producing any harm, and it is still a mystery to the writer how Drs. Mitchell and Reichert and 
himself obtained entirely different results. Were it not for the well-known accuracy and carefulness of 
Dr. Mitchell, it might be supposed possibly that the hypodermic syringe used in his experiments contained 
a certain amount of Crotalus, or cobra venom, but under the circumstances such a hypothesis is entirely 
untenable." 

Notwithstanding Yarrow's results, Dr. Mitchell still held his original opinion in 
1889. 

The following year, Prof. Samuel Garman, of the Museum of Comparative Zoology 
of Harvard University, published an account of experiments in which he caused an 
active Gila Monster to bite the shaved legs of kittens without serious effect. He con- 
cludes that 

" The results of the experiments suggest danger for small animals, but little or none for larger ones. 
Large angle worms and insects seemed to die much more quickly when bitten than when cut to pieces with 
the scissors." 

Thus while in England the Heloderma was unanimously held to be venomous, Dr. 
Shufeldt, in 1891, summarized American opinion as follows : 

" Here in America the evidence would seem to be rapidly leading to the demonstration of the now 
entertained theory that the saliva of this heretofore much -dreaded reptile is possibly entirely innocuous." 

" Thus the matter seems to stand at the present time — perhaps the vast majority of physicians who 
followed Drs. Mitchell and Reichert in their experiments fully believe to-day that the bite of a ' Gila 
Monster' will very often prove fatal even in the case of man; while, on the other hand, naturalists 
almost universally believe that the saliva of this saurian is hardly at all venomous, and then only under 
certain conditions." 

II. THE MOUTH FLUIDS. 

In the winter of 1896-97 I began a series of experiments with the saliva of the Gila 
Monster, the results of which are given in the subsequent pages. My object was to 
answer the following questions : 

(a) Is the bite of the Gila Monster poisonous ? 
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(b) If poison is present what are its physiological effects ? 

(c) What are the causes of such diversity of opinion ? 

My Heloderma was the sole survivor of eight or ten brought from Arizona in 
1892 and, although seemingly fat and healthy, was not very active. It was of moderate 
size, being about eighteen inches long. The amount of saliva obtainable from it was so 
small that it could be gathered satisfactorily only by causing the reptile to bite absorbent 
paper wrapped around a piece of soft rubber and afterwards dissolving out the saliva in 
water. For this purpose filter paper was used. 

It would not do to let the Monster bite the pigeons, because if this were done and 
the pigeons died the skeptics might justly claim that death was due to the mechanical 
injury inflicted by the powerful jaws, with their long, curved fangs, rather than to any 
poison having been inserted. Even when the Heloderma's saliva solution was injected 
hypodermically and death could not have been occasioned by the severity of a wound 
there might be some doubt as to the effect of a quantity of water suddenly placed under 
the skin, or it might be claimed that some substance was present in the water or the paper 
used quite poisonous enough to cause a pigeon's death irrespective of any venom from the 
Monster. So samples of all the materials used had to be subjected to careful tests to 

show that they were harmless.* 

Mucus. 

A greater or less quantity of thick mucus is present in the back part of the mouth of 
the Gila Monster. Some of this often adheres to the filter paper in stringy masses. It 
is entirely without poisonous properties and need not be mentioned again. 

The Poisonous Saliva. 

The water solution of saliva when extracted from the paper is a slightly yellow- 
ish or opalescent liquid, often more or less stained with blood owing to injury to the 
gums. It is faintly alkaline, and ordinarily possesses a pungent and highly characteristic 
though not unpleasant odor. This odor becomes less and less noticeable when the Monster 
is caused to bite every day, but its strength seems to be no indication of the lethal power 
of the saliva. That the solution of saliva thus obtained contains a very powerful poison 
is shown in the following experiments : 

Experiment I. — Nov. 11, 1896. The Heloderma was caused to bite on paper three times. The 

*In order to test my materials, and some other things as well, the following preliminary experiments were 
performed, the first repeatedly : 

Experiment. — A sample of filter paper was soaked in water, which was then injected subcutaneously in 
front of the wing of a pigeon. During two hours there was no effect, and the next day the bird was still well. 

Experiment. — Mixed human saliva with an equal quantity of water and injected about twenty minims in 
wing of pigeon at 12.01 P.M. No effect. Next day well. 

Experiment. — Mixed blood of horned toad (Phrynosoma frontale Van D.) with water and injected wing of 
pigeon. No effect. 
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water solution — about twelve minims — was then injected subcutaneously in front of the shoulder of a pigeon 
at 3.18 P.M. In three minutes the pigeon was no longer able to stand, and fell over on its side with eyes 
closed. At the end of the tenth minute the bird was unable to hold up its head when raised by its wings. 
During the eleventh minute respiration was in gasps, and at the end of the eleventh minute the pigeon 
was dead. [No local effects ; heart beating regularly.] 

Experiment II. — Nov. 12, 1896. Monster was caused to bite seven times during about as many 
minutes. Saliva then dissolved in about seventy minims of water, of which ten minims were injected 
under the skin in front of right shoulder of pigeon, at 11.24 A.M. 

11.28. Pigeon barely able to walk. 

11.29. Not able to walk. 

11.30. Cannot stand; lies on side; eyes closed. 

11.31. Head nods; respiration is forced. 

11.32. Muscular straining; head drawn back between shoulders. 
11.33-38. Respiration greatly forced; bill opens and shuts with each breath. 

11.39. Violent contractions of caudal muscles. 

11.40. Violent contractions of head and wings. 
11.40J. Head falls forward onto table. 
11.40£. Death. 

No local effects; ventricles empty, auricles full of clots; blood almost black. 

If these experiments leave any room to doubt that the bite of the Gila Monster is 
poisonous it is entirely removed by the results of a large number of experiments which I 
afterwards performed and in which death followed the injection of Heloderma saliva quite 
as certainly and almost as quickly as when rattlesnake venom is used. 

It now became of interest to learn whether this powerful poison is affected by boiling 
or decay, or the presence of alcohol, etc. 

The Effect of Boiling. — Two experiments were performed which show that the 
poisonous properties of the saliva are not injured by boiling. The solution becomes 
opalescent and, if boiling be prolonged, loses its odor or gives off one similar to that of 
boiled barley. 

Experiment III. — Nov. 12, 1896. The Heloderma was caused to bite seven times during about as 
many minutes. Saliva then dissolved in about seventy minims of water. Ten minims of this solution, 
having been boiled a few seconds, were injected under the skin of the right shoulder of a pigeon, at 
2.21 P.M. The temperature of the pigeon before injection was 104° F. 

2.22. Sits down, but is able to stand when frightened. 

2.26. Sits down. 

2.27. Sits down immediately after being caused to stand, seems dizzy. 
2.29. Lies on side; temperature 100°. 

2.34. Cannot stand; temperature 98°. 
2.36. Violent respiration ; temperature 96°. 
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2.38. Violent respiration; temperature 98°. 

2.39. Violent respiration ; temperature 100°. 
2.42^. Violent respiration ; temperature 101^°. 
2.45. Violent respiration; temperature 100°. 

2.48. Respirations about 108 per minute; temperature 99°. 

2.50. Temperature 100°. 

2.53. Respiration more labored ; temperature 99°. 

2.54. Temperature 98°. 

2.55. Temperature 97°. 

2.56-57. Temperature 93°; respiration short and forced, 39 per minute. 

2.58. Wheezing; vomits. 

2.58|-. No motion except quivering of wings; temperature 90°. 

2.59. Wings and tail napped twice. 
3.00. Dead. 

No local effect; small clot of blood in base of right lung; ventricles full of black clots; auricles 
beating ; arteries empty ; veins dilated with blood. 

This experiment would seem to show that the action of the poison is slightly delayed 
by boiling. Experiment IV shows that such is not the case. 

Experiment IV. — Nov. 14, 1896. Ten minims of the solution used in experiments II and III 
were boiled about five minutes on Nov. 12, and again Nov. 13 and 14, and then were injected under the 
skin of a pigeon's wing at 3.30 P.M. 

3.34. Respirations 32 per minute. 

3.37. Staggera about with peculiar circular motion. 

3.39-40. Respirations 48, becoming constantly more forced, so that at end of minute tail moves up 
and down. 

3.42. Cannot stand. 

3.44-45. Respirations 49. 

3.46. Falls on side. 

3.47. Head nods; pupil seems slightly dilated. 

3.52. Respirations 47, irregular. 

3.53. Bill begins to open and shut. 

3.54. Convulsive action of wings and head, head drawn under to breast. 

3.55. Death. 

The Effect of Decay. — When a solution of saliva is allowed to stand for a few days 
it soon begins to decay, and this process continues until a strong odor of putrescence is 
given off and a muddy sediment appears at the bottom of the liquid. After this had 
occurred, very large doses of the solution were injected into pigeons without producing the 
slightest ill-effect. Decay, then, appears to destroy the lethal power of the saliva, but 
my experiments are not absolutely conclusive because the solution was not tested while 
fresh. 
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Experiment V.— Saliva of several bites was collected, November 14, and dissolved in about ten 
minims of water per bite. November 16 there was a marked odor of decay. November 23 the odor of 
putrescence was very strong and the liquid appeared muddy with a slight sediment. At 2.31 P.M., ten 
minims were injected under the skin in axilla of pigeon whose temperature at 2.29 (when frightened) 
was 106°. 

2.35-36. Respirations 33. 

2.40. Temperature 105°. 

2.44-45. Respirations 32. 

3.09. Temperature 104°. 
3.10-11. Respirations 32. 
3.28-29. Respirations 32. 

3.31. Temperature 104°. Repeated injection. 

3.33-34. Respirations 34. 

3.55-56. Respirations 32. 

4.21-22. Respirations 33. 

November 24, etc. Still perfectly well. 

Experiment VI. — December 1, 1896. Injected forty minims of solution used in experiment V 
under skin of legs and wing of pigeon at 12.45 P.M. 
4.30. Still no effect. 
December 2. Well. 

The Effect of Drying. — That drying does not affect the power of the venom was 
shown by the following experiment, although the dose was too small to cause death. 

Experiment VII. — December 1, 1896. A small quantity of the solution used in experiments II, 
III and IV, having been dried, was redissolved in water and injected subcutaneously in a pigeon at 
3.40 P.M. 

4.10. Respiration slightly forced. 
4.30. Cannot walk well. 

4.45. Very " tame;" respiration forced. 
December 2. Pigeon recovered. 

The Effect of Alcohol. — When alcohol is added to a water solution of saliva, the solu- 
tion becomes opalescent, as when boiled. This change in color is probably due to the 
formation of a finely divided albuminous coagulate. It is not removed by filtration 
through paper. Alcohol does not influence the action of the venom. 

Experiment VIII. — About twenty minims of the solution used in experiments II, III, IV and VII 
was mixed with an equal quantity of ninety-five per cent, alcohol, November 14. About half of this had 
evaporated when ten minims of the remainder were mixed with ten of water and thrown down the throat 
of a pigeon at 11.25 A.M., November 18. 

11.46. Seems well. 

2.15 PM. No effect. 
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2.26. Injected the other ten minims in left axilla. 

2.29. Shows uneasiness of left wing and cannot always control it. 
2. 29 \. Sits; cannot walk. 

2.30. Pupils contracted ; cannot stand. 

2.31. Lies on side; respiration convulsive. 

2.32. Respiration still more labored. 

2.33. Seems unable to feel pinching of legs. 
2.37. Rate of breathing very greatly increased. 
2.38-39. Respirations 62. 

2.40-41. Respirations 84. 
2.43-44. Respirations 64. 
2.45-46. Respirations 53. 
2.46-47. No respiration ; convulsions. 
2.48. Death. 

Auricles beating; ventricles still ; blood black, clotted; auricles and veins full ; ventricles and arteries 
empty ; slight extravasation in coat of small intestine near head of pancreas ; no local effect. 

Ninety-five per cent, alcohol when added to undiluted saliva does not injure its 
poisonous properties, nor does the alcohol act as a solvent of the venom, although its 
solubility in water is unaffected. 

Experiment IX. — November 23, 1896. 

a. Filter paper containing saliva was washed in about one ounce of alcohol for about twenty hours. 
The alcohol was then poured into an open dish. As soon as evaporation began a thin white scum 
appeared on the surface of the alcohol, but did not increase much as evaporation proceeded to dryness. This 
scum was not soluble in water, even after the addition of salt (NaCl). Placed under the skin of a pigeon, 
it produced no effect. 

b. The alcohol-washed paper was soaked during a few minutes in sixty minims of water. Twenty 
minims of this water were injected under the skin of each wing of a pigeon at 3.25 P.M., November 24. 
Half an hour later twenty minims were injected into the left leg. 

4.07. Pigeon sits down. 

4.12-13. Respirations 45. 

4.15-21. Stands on right leg only. 

4.22-23. Respirations 54. 

4.23-24. Respirations 49. 

4.25. Temperature still normal, 102° 

4.35. Temperature 99°. 

4.39-40. Respirations 48. 

4.42. Temperature 98°. 

4.44-46. Respirations 35 per minute. 

4.47. Temperature 96°. Slides along on breast when trying to walk, 

4.47-48. Respirations 44, very weak. 

A. P. S. — VOL. XIX. 2 A. 
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4.52. Temperature 96°. 

4. 53-54. Respirations 44. 

4.56-57. Respirations 31. 

4.58. Temperature 96°. 

5.00-01. Respiration, wheezing pants. 

5.01-02. Respirations, wheezing pants, 21. 

5.02. Temperature 96°. Death without struggles. 

The Effect of Glycerine. — Glycerine seems to dissolve the poison and to partly destroy 
its effectiveness, though this seeming injury may be due to the slowness with which the 
glycerine is absorbed, preventing the poison from reaching the circulation rapidly enough 
to result fatally. 

Experiment X. — Paper containing saliva of four bites was placed in about forty minims of glycerine 
and left for some hours. The glycerine, having been extracted, was injected in the breast muscles of a 
pigeon at 12.10 P.M., December 4, 1896. 

1.00. Still no effect. 

5.15. Still no effect. 

December 5. Well, but with yellowish-white swelling on breast. 

December 17. Well, but breast muscles sloughing. Used in experiment XII. 

Experiment XI. — December 4, 1896. Since it was quite possible that the poison had not been 
dissolved by the glycerine, the paper used in the last experiment was well washed in alcohol to remove 
glycerine, and then, after the alcohol had been removed by pressure and evaporation, was placed in water 
(thirty minims). This water was injected into a pigeon at 3.15 P.M. 

3.30. No signs of poison. 

5.15. No effect yet. 

December 5. Well. 

December 8. Well. 

Experiment XII. — December 17. Saliva of the lower jaw from about three bites was collected 
and divided into two parts, one slightly larger than the other. The larger part was then soaked in glycerine, 
a little more than one-half of which was afterward injected in leg of pigeon used in experiment X. 

4.35 P.M. Injected subcutaneously. 

5.30. Seems slightly drowsy; [otherwise well. 

December 18. Found dead.* 

Experiment XIII. — December 17, 1896. To test the power of the saliva used in experiment XII 
the smaller portion of the saliva-soaked paper was placed in a small quantity of water, and one-half of 
the resulting solution injected in the breast muscles of a pigeon, December 18. 

4.07. Injected. 

4.30. Bird sitting; staggers when raised. 

* Death may have been due to the rather extensive sloughing of the pectoral muscles, but that this was the 
case does not seem probable. 
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4.31-32. Respiration still normal, i. e., 35. 
4.35. Can still stand. 
4.36-37. Respirations 30. 
4.39-40. Respirations 31. 
4.46-47. Respirations 29 ; sits with eyes closed. 
4.53. Does not notice loud noises, as stamping on floor; cannot stand. 
4.55-56. Respirations 31. 
4.58. Head moves from side to side, slightly. 
4.59-5.00. Respirations 30. 
5.03-04. Respirations 34, slightly forced. 
5.09-10. Respirations 34, slightly forced. 
5.13-14. Respiralions 43, a little more forced ; head nodding. 
5.15-16. Respirations 36, nearly normal. 
5.18-19. Respirations 32, slightly forced. 
5.21-22. Respirations 50, much forced. 
5.23-24. Respirations 32, convulsive. 
5.24-25. Respirations 23, convulsive. 
5. 25 \. Raises tail and flaps wings. 
5.26-27. Respirations 13, weak. 
5.28. Heart still beating strongly and regularly. 
5.30. Death. 

Heart irritable and nerves of pectoral muscles, etc., likewise; blood very dark, semi-liquid, coagu- 
lating quickly ; no local effects. 

The Harmless Saliva. 

There is, then, in the saliva of the Gila Monster a very powerful poison which may 
be subjected to very rough treatment without impairing its lethal vigor. This poison is 
present in the saliva of one jaw only. If, when collecting the mouth fluids, the rubber be 
properly placed "between two layers of paper, the saliva from each jaw may be readily 
obtained unmixed with that of the other. When thus obtained and dissolved in water, 
the saliva of the upper jaw is a yellowish liquid, usually more or less tinted with blood, 
slightly alkaline, without any odor, and absolutely harmless at the very time when the 
lower jaw is flooded with deadly venom. The quantity of saliva which may be collected 
from the upper jaw at any one time is only a little less than is obtainable from the lower ; 
but in one case all of the saliva from the upper jaw was injected into a pigeon without 
causing the slightest ill effect, while one-fifth of that obtained at the same time from the 
lower jaw caused death in fifty-two minutes. 

The following experiments are quite numerous enough to show beyond doubt the 
difference in effect between the two kinds of saliva. 
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Experiment XIV. — November 24, 1896. Saliva of upper jaw from four bites was dissolved in 
water one-half of which (ten minims) was iojected into a pigeon at 11.40 A.M. 
3.08. Still no effect; repeated injection. 
5.40. Still no effect. 
November 25. Well. 

Experiment XV. — November 24, 1896. Same as last experiment, but with saliva of lower jaw in 
another pigeon. 

12.15 P.M. Temperature 104°. 

12.17. Injected. 

12.20-21. Respirations 31. 

12.27-28. Respirations 31. 

12.35. Temperature 100°. 

12.36-37. Very '■' tame." Respirations 38. 

12.38. Sways backward and forward. 

12.39-40. Respirations 32. 

12.42. Temperature 98°. 

12.47-48. Respirations 30. 

12.50. Very drowsy. Temperature 97°. 

12.54-55. Respirations 34, irregular. 

1.03-04. Respirations 28, labored. 

1.06. Temperature 95°. Can still stagger when placed on feet. 

1.09-10. Respirations 38, very irregular. 

1.11. Temperature 96°. 

1.16. Temperature 95°. 

1.17-18. Respirations 42, greatly labored. 

1.23. Temperature 95°. 

1.24-25. Respirations 46, bill opening and shutting. Can still walk slowly. 

1.28-29. Respirations 55. 

1.30. Temperature 96°. 

1.33-34. Respirations 52. Can barely walk. 

1.36. Temperature 96°. 

1.37. Cannot walk. 
1.37-38. Respirations 54. 
1.46. Temperature 94°. 

1.47-48. Respirations 49, head nods. 

1.53. Temperature 94°. 

1.54. No respiration. 

1.55. Temperature 93°. 

1.56. Death with convulsions. 

Experiment XVI.— November 25, 1896. At 2.15 P.M., injected a pigeon with all of solution of 
saliva of upper jaw from four bites. 
2.30. Still no effect. 
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2.40. Still no effect. 
3.07. Still no effect. 

5.05. Still no effect. 
November 26. Well. 

Experiment XVII. — November 25, 1896. Injected one-half of the solution of lower-jaw saliva 
from same bites as last experiment. 

3.02-03. Respirations 37; temperature 104°. 

3.06. Injected as above stated. 
3.14. Temperature 102°. 
3.23-24. Respirations 38. 

3.27. Very "tame," temperature 98°. 

3.28. Cannot stand. 

3. 28^-29 J. Respirations 53. 
3.30. Temperature 98°. 
3.32-33. Respirations 45. 
3.33. Temperature 98°. 
3.37. Temperature 98°. 
3.38-39. Respirations 45. 
3.40. Temperature 96°. 
3.40-41. Respirations 45. 
3.51. Temperature 94°. 
3.53-54. Respirations 43. 
3.56. Temperature 94°. 
3.58-59. Respirations 45. 

4.07. Temperature 93°. 
4.15-16. Respirations 51. 
4.21. Temperature 93°. 
4.27-28. Respirations 26. 

4.29. No respiration. 

4.30. Death. 

Heart (auricles and ventricles) beating strongly when exposed at 4.31 and until 4.36; blood in 
veins; arteries and ventricles empty; no local effect. 

Experiment XVIII. — November 28, 1896. Injected all of solution of saliva from upper jaw, in 
pigeon, at 11.55. No effect. 

Experiment XIX.^-November 28, 1896. Injected all of solution of saliva from lower jaw (same 
bites as last experiment) in pigeon at 12.15 P.M. 

12.19. Tips forward on legs, therefore cannot stand still. 

12.20. Seems dizzy. 
12.20J. Sits. 

12.22. Can walk well. 
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12.24. Very "tame;" hardly able to walk. 

12.27. Can stagger with help of wings. 

12.34. Respiration terribly labored, loud, wheezing pants, about 28 per minute. 

12.39. Head drawn far back ; still panting. 

12.40. Still panting, but more slowly and weakly, 24 per minute. 

12.41. Struggles, lies on side with head on floor. 

12.42. Respiration practically stops. 
12.42J. Dead. 

Experiment XX. — December 1, 1896. Injected solution of saliva of upper jaw from two bites, at 
12.30 P.M. 

1.30. Pigeon has shown no signs of poisoning. 
3.30. Still no effect. 
4.30. Still no effect. 
5.00. Still no effect. 
December 2. Well. 

Experiment XXI. Injected solution of saliva of lower jaw from same two bites (experiment XX) 
at 2.25 P.M., December 1, 1896. 

3.25. Totters; lies down when set on feet. 
4.00. Totters, leaning forward. 
4.10. Can still totter. 
4.20. Cannot rise or stagger. 

4.30. Muscles all tense; bill opens and shuts. 
4.30^. Respiration ceases. 

4.31. Death. 

Experiment XXII. — December 2, 1896. All of the solution of saliva of the upper jaw from three 
bites was injected under the skin of the wing of a brown pigeon at 3.05 P.M. without any effect. 

Experiment XXIII. — December 2, 1896. Two-fifths of the solution of lower-jaw saliva from the 
same three bites as last experiment were injected under the skin of wing of a pigeon at 3.15 P.M. 
3.25. No effect yet. 
3.28. Staggers slightly; sits immediately; respiration slightly forced. 

3.32. Respiration very rapid — forced. 
3.36. Respiration very slow but labored. 

3.40. " Skates " on breast when trying to walk. 

3.43. Convulsive quivering of wings. 

3.44-45. Convulsive quivering of wings. 

3.45. Lies stretched out on floor; convulsive respiration ; wheezing with each breath. 

3.48. No respiration. 

3.48J. Death. 
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Experiment XXIV. — December 2, 1896. Two -fifths of the solution used in the last experiment 
(XXIII) were injected in the breast muscles of a slate-colored pigeon at 3.16 P.M. 

3.25. Barely able to walk. 

3.26. Not able to stand ; respiration forced. 
3.28. Lies on side with head drawn back. 

3.34. Respiration very rapid and convulsive, bill opening and shutting; head twisted on side. 

3.39. Respiration ceases. 
3. 39 J. Apparently dead. 

3. 40. Heart still beating. 

Experiment XXV. — December 2, 1896. One- fifth of solution used in experiments XXIII and 
XXIV was injected in a gray pigeon at 3.20 P.M. 

3.25. Respiration deeper. 

3. 42-43. Respiration very rapid and shallow, 148 per minute. 

3.51-52. Respirations 167; can still walk, but sits immediately. 

3.58-59. Respirations 168. 

4. 02. Cannot stand. 

4.04. Slight trembling. 

4.05-06. Respirations 149. 

4. 08. Head drawn back ; bill opens and shuts. 

4.09-10. Respirations 62. 

4. 10. Slight genera] contractions of muscles. 

4. 1 1J-1 If. Respirations 4. 

4.11^-12. No respiration. 

4.12. Death. 

Experiment XXVI. — December 8, 1896. Solution of upper-jaw saliva from one bite injected in 
breast of a gray pigeon at 3.08 P.M without effect. 

Experiment XXVII. — December 8, 1896. One-half of solution of lower-jaw saliva, same bite as 
experiment XXVI, was injected in breast muscles of a gray pigeon at 3.16 P.M. 

3.26. Pigeon very quiet. 
4.00 Drowsy. 
December 9. "Well. 
December 18. Well. 

The Sources of Saliva. 

We have seen that two very different fluids are present in the mouth of the Helo- 
derma ; the one — from the lower jaw — capable of causing profound disorder when intro- 
duced into the circulation of pigeons, the other — from the upper jaw — producing no more 
effect than so much water. What are the sources of these fluids ? 
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In Heloderma suspectum, there are two large glands, one on each side of the anterior 
part of the lower jaw between the skin and the hone. When one of these glands has 
been freed from its outer sheath it is found to be not a single gland but a series of three 
or four glands, each perfectly distinct from the others and emptied by a separate duct. 
These glands increase in size posteriorly, so that the last is very much larger than the 
first. They vary in number because of the occasional union of the first and second 
glands, or the presence, posteriorly, of a small, isolated, ductless portion. Their ducts 
open between the lower lip and gum, as described by Stewart. It is shown later on that 
these are the venom-producing glands. 

No glands have yet been described as existing in the upper jaw ; indeed there seems 
to be no room there for a well-developed gland. Nevertheless, paper which comes in 
contact with the upper jaw during the bite collects almost as much fluid as is obtained 
from the lower jaw. This, however, is true only when the paper is bitten a very few 
times. The saliva of the upper jaw is exhausted much more quickly than that of the 
lower. This fact, taken in connection with the absence of known glands, might lead one 
to suspect that the upper jaw receives its saliva from the lower and holds it in the compli- 
cated folds of its gums. This might perhaps be true if one or more segments of the sub- 
labial glands secreted a harmless fluid, but the following experiments show that all are 
specialized for the production of venom. I believe that the harmless saliva is secreted 
by minute glands which lack of material has prevented me from finding — that it is in 
fact the ordinary buccal liquid of lizards. That it is present in the lower jaw as well as 
in the upper would seem to be shown by the fact that the fluids of both jaws are decidedly 
alkaline, while a solution of the poison gland itself is quite neutral. 

The following experiments were performed to show that each part of the sublabial 
glands is devoted to the production of venom : 

Experiment XXVIII.— January 5, 1897. Soaked the first portion of the right sublabial gland in 
water and injected the resulting solution (three minims) into the breast muscles of a small finch, at 
12.26 P.M. 

12.28. Respiration forced; eyes closed. 

12.29. Respiration greatly forced. 
12.31. Flutters. 

12. 31 J. Convulsions and death. 

12.33. Heart beating weakly; blood dark but lightens quickly. 

Experiment XXIX. — January 5, 1897. Soaked the second portion of the right sublabial gland in 
water and injected solution (four minims) into breast muscles of a small finch, at 12.00 M. 

12.04. Eye nearly closed; respiration normal. 

12.05. Respiration slightly forced. 
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12.05^. Bill begins to open and shut. 

12.07. Respiration greatly labored. 

12.08. Convulsions followed by death. 

12.10. Heart still beating; blood dark, lightens slowly. 

Experiment XXX. Treated the third portion of right sublabial gland as the first and second were 
treated in experiments XXVIII and XXIX, and injected four minims into a small finch at 11.34 A.M. 

11.35. Wheezes; sitting down; eyes closed; tail moving up and down with each breath. 

11.36. Same, but bill opening and shutting. 

11.37. Does not open eyes when handled. 
11.37^. Respiration very short and jerky. 

11.38. Respiration ceases, followed by convulsions and death. 

11.41. Heart still beating, empty; blood dark brown, reddening very slowly. 

Experiment XXXI. — January 5, 1897. Injected four minims of solution of fourth portion of 
right gland into a small finch, at 11.07^ A.M. 

11. 08 J. Unable to stand erect ; head drooping. 

11.09. Respiration labored. 
11.09^. Respiration greatly labored. 

11.10. Bill opens and shuts. 

11.11. Bird falls on side. 
11.12^. Respiration in gasps. 
11.13. Convulsions and death. 

Heart responds to mechanical stimuli ; blood black but becoming red on exposure. 

Expeeiment XXXII. Injected five minims solution of first portion of left sublabial gland into a 
small finch, at 2.41 P.M. 
2.42. Eyes closed. 

2.45. Respiration labored ; bird leaning on side. 

2.46. Almost unconscious; bill opening and shutting. 

2.47. Convulsions. 
2.47J. Death. 

Expeecment XXXIII. Injected six minims of water into the breast muscles of a small finch 
without effect. 



III. THE PHYSIOLOGICAL ACTION OF HELODERMA POISON. 

When a pigeon has received an injection of Gila Monster saliva it at first shows no 
ill effects, and feeds or fights with its fellows as before. Soon, however, it begins to wink 
very frequently, and ceases to show interest in anything about it. It stands thus for a 

a. p. s. — VOL. xix. 2 B. 
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longer or shorter time and then sits down. If now it be frightened into attempting to 
walk, it appears dizzy and staggers about, or, if unable to stand, slides along on its breast. 
If not caused to arise, it never does so of its own accord, but becomes more and more 
drowsy and sits with eyes closed. The rate of respiration now becomes very rapid for a 
time, but soon the breaths are shallower and then gradually fewer and fewer.* The legs 
become more or less paralyzed, but the wings retain their power, although the coordina- 
tion of their motions sometimes is destroyed. The temperature falls as the respiration 
becomes slower. The bird rolls over on its side. The head is drawn down over the back. 
Respiration becomes nothing more than a series of wheezing gasps, with each of which 
the bill opens and shuts. The head falls forward to the floor. The pigeon is unconscious. 
Breathing ceases. There may be slight convulsions followed by death, or death may 
come quietly. 

If the pigeon now be opened, it is found that the blood is very dark — often almost 
black instead of red or blue. The heart either is beating or responds readily to mechan- 
ical stimuli. The arteries and usually the ventricles of the heart are empty, while the 
veins and auricles are full of blood which usually is more or less clotted. There is no 
trace of discoloration about the point of injection, nor is the slightest extravasation of 
blood to be found in any of the organs. 

With all these facts in view, it is very evident that death is due to asphyxiation ; to 
the failure of the blood to provide the various tissues of the body with the oxygen neces- 
sary for their welfare. But, although we may say that death is due to asphyxiation, we 
have not really answered our question, for there are several ways in which this failure on 
the part of the blood might be brought about : 

1. If the poison acted upon the nerve centres which control the movements of respi- 
ration in such a way as to interfere with the action of the lungs, the blood would be 
unable to procure its usual supply of air. We have seen that there is a very decided dis- 
turbance of the respiratory function."!" It may, perhaps, be due to direct nerve-poisoning ; 
but I am inclined to believe that it is entirely a secondary phenomenon. 

2. If the poison caused a breaking down of the capillaries of the lungs — such as 
MartinJ claims to have found in certain cases of death from the venom of the Australian 
black snake — the same effect would be produced, but there appears to be no such change. 

3. If the action of the heart became gradually weaker — as Mitchell and Reichert 
have stated of their experiments — the flow of blood would be diminished and the tissues 

*Tliis is normally true, but respiration sometimes stops suddenly, even nearly at the time when it is 
most rapid. 

f The table upon the opposite page shows the effect upon the number of respirations and the temperature. 
X Martin, Jour, and Proe, Royal Soc. N. 8. Wales, XXIX, 1895, 146-276. 
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would not receive their normal amount of oxygen. In all my experiments the heart con- 
tinued to beat regularly long after respiration had ceased, so that this cannot have been 
the cause of death. 

4. If the poison acted upon the blood in such a way as to destroy its power to carry 
oxygen — as Cunningham * says is true of cobra venom — or, 

5, if the poison caused the formation of clots in the veins, thus stopping the flow 
of blood — as Martin tells us the venom of the Australian black snake does — in either 
case the effect would be the same as if the action of the lungs were to cease. 

The sudden death of my Gila Monster prevented me from testing these possible 
causes of asphyxiation from its poison, but I shall not be surprised if it be found that in 
one or both of them exists the explanation of the phenomena exhibited. 

But perhaps I should limit this statement somewhat, for Mitchell and Reichert state 
very positively of their experiments that death was occasioned by the action of the 
poison upon the heart. Here is an apparent contradiction of my results, and by the 
highest American authority upon reptile poisons ; but the seeming contradiction disap- 
pears, perhaps, when we recall that Dr. Mitchell's Gila Monster saliva was less dilute 
than mine, and that it is known of some serpent poisons that " with higher concentration 
of venom the heart is the more rapidly affected, but the continuous operation of the 
poison in small concentration more quickly affects the respiratory " system. 

IV. SOME CAUSES OF DIVERSITY OF OPINION. 

We have now reached our last question : Why has the bite of the Gila Monster so 
often been considered harmless ? 

Several reasons must, I think, already have suggested themselves. Dr. Shufeldt, it 
will be remembered, was severely bitten on the thumb, and concluded that the bite of the 
Gila Monster is no more poisonous than that of other angry animals ; for example, a cat. 
But Dr. Shufeldt expressly states that the wound was made by the upper teeth pene- 
trating to the bone, and we have already seen that the saliva of the upper jaw is harmless 
at all times, the venom being confined to the lower jaw.f So it well may be that Dr. 
Shufeldt owes his life to the circumstance that the injury to his thumb was inflicted by 
the upper instead of the lower teeth of the Monster. 

This same fact will account for the experiences of other authors who have thought 
the bite of this reptile harmless, but there are other reasons for the occasional failure of 
the Heloderma to inflict a deadly wound. The teeth, although sharp and long, are very 
weakly fastened to the jaws, and often so many of them have been broken out that the 

* Cunningham, Sci. Mem. Med. Officers Army India, IX, 1895, pp. 1-54. 

t It would be interesting to know why the teeth of the upper jaw are grooved. 
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Monster is unable to inflict a wound at all. Even if the teeth are in working order the 
chances of the poison finding its way into the wound are very few, for the teeth are not 
directly connected with the poison glands, and the latter are below the fangs instead of 
above as in poisonous snakes. The poison simply flows out onto the gums below the 
teeth, and, to be effective, has to be forced up into the wound. Unless the flow of saliva 
be abundant and the teeth all present and forced into the bitten flesh so deeply as to 
press it down upon the poison ducts where they open between the lip and the gum, it is 
difficult to see how even the smallest quantity of poison could enter the wound, even 
though the teeth are grooved to afford it a passage. The strange thing, then, is not that 
bitten animals should sometimes survive, but that they should sometimes die. 

Nevertheless, small animals often do die from the bite of this, the only poisonous 
lizard, and we must believe that a venom which can kill a pigeon in seven minutes and a 
rabbit in less than two might easily under favorable circumstances cause a wound to 
prove fatal even to man — a belief which is rendered far from improbable by the extra- 
ordinary virulence of the poison and the lizard's habit of holding like a bulldog to what- 
ever it bites. 
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